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Autogenous vein remains the material of choice
for use as a bypass graft in infrainguinal arterial recon-
struction.1 However, 30% of the patients undergo
prosthetic grafting because no suitable vein is avail-
able.2 The grafts made from polytetrafluoroethylene
and Dacron have disappointing long-term patency
rates, particularly when the bypass graft extends
beyond the knee.3,4 Mismatch between the biome-
chanical characteristics of the native artery and the
vascular prosthesis has been implicated in the patho-
genesis of graft failure.5,6 Arteries have specific elastic
and material characteristics that are a function of spe-
cialized structure. Apart from their conduit role as
channels of oxygenated blood, arteries function to
ensure that the blood flow remains pulsatile, that the
propagation of blood flow is efficient and entails min-
imal energy losses, and that excessive pressure fluctu-
ations are damped.7,8 In addition, these characteristics
are smoothly graded between adjacent areas of the
arterial tree such that the input impedance—or oppo-
sition to pulsatile flow offered by the peripheral vas-
cular bed—does not change abruptly along a vessel
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segment. In this way, excessive wave reflection and
flow disturbances are negated. These are desirable
qualities that have yet to be incorporated into the cur-
rently available vascular grafts.9 The compliance dis-
parity caused by prosthetic grafts results in localized
perianastomotic flow disturbances, with the exposure
of the adjacent arterial endothelium to trapped
platelets10 and to abnormal mechanical and shear
stresses.11 Such stresses have been postulated to pro-
mote myointimal hyperplasia, a key cause of graft fail-
ure.12,13
To engineer a compliant graft and to avoid anas-
tomotic compliance mismatch, it is logical to survey,
in a suitably representative population, the local in
vivo compliance of the segment that is to be
bypassed. Although investigators have studied the in
vivo elastic properties of the common femoral artery
in young, aged, and hypertensive populations,14-17
there have been no studies that describe the lower
limb muscular arteries of subjects who represent the
likely recipients of vascular bypass grafting: that is,
patients with lower limb peripheral vascular disease
(PVD).
Thus, with the ultimate aim of the development
of a compliant vascular prosthesis tailored to match
the elastic properties of the aged and diseased lower
limb muscular host vessel, we sought to make a pre-
liminary assessment of the local elastic behavior of
the femoropopliteal vessel in patients with docu-
mented lower limb PVD as compared with age-
matched control subjects. We hypothesized that the
presence of PVD leads to stiffer vessels than in the
case of age-matched control subjects. In addition,
we surveyed a group of healthy young control sub-
jects and hypothesized that the vessels in disease-
free, elderly individuals would be no stiffer than
those vessels in younger subjects, as has been previ-
ously reported.14-16
METHODS AND MATERIALS
Theoretic considerations. Many indices have
been derived to describe and quantify the physical
behavior of vessels that occurs in response to an
intraluminal force. This has led to debate among
investigators18-20 as to the most appropriate index of
change in arterial distension with respect to intralu-
minal pressure. In 1960, Petersen et al21 defined the
elastic modulus Ep, an index of arterial stiffness that
describes the relationship of strain to intraluminal
pressure in an open-ended vessel. The original
description referred to the change in vessel volume,
but because arterial lumina are generally circular in
cross section, the equation has been modified to:
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Ep = (Ps – Pd)/strain
Where strain is defined as the fractional pulsatile
diameter change that occurs in an artery exposed to
a given change in intraluminal pressure and is
defined as:
Strain = (Ds – Dd)/Dd
Where D and P are diameter and pressure and d
and s denote diastole and systole, respectively. The
inverse of Petersen’s elastic modulus is known as
cross sectional, or diametrical, compliance C and is
given by:
C (% mm Hg–1 · 10–2) = ([Ds – Dd]/Dd) ·
104 /(Ps – Pd)
Both Ep and C are useful indices of functional
vascular distensibility in the presence of a change in
blood pressure and describe the relative diameter
change of a vessel for a given pressure change.
However, if comparisons between individuals are
necessary, then arterial wall stiffness index b , as for-
mulated by Kawasaki et al,22 is useful because, over
physiologic pressure ranges, it is less dependent on
quantitative pressure change in describing the elas-
ticity of an artery.23,24
b = [loge (Ps/Pd)] · Dd/(Ds – Dd)
In this paper, diametrical compliance (C) and
arterial wall stiffness index ( b ) were used to assess
the vessel wall properties in patients with lower limb
PVD and in control subjects who were free from
symptomatic lower limb PVD.
Subjects. Eleven patients with PVD, 11 age-
matched and sex-matched control subjects, and 12
young adult subjects were prospectively recruited
(groups 1, 2, and 3, respectively). Informed signed
consent was obtained from all the subjects before
the undertaking of any investigations. All the study
participants were nonsmokers at the time of the
study. The control subjects were allowed to partici-
pate providing they had absolutely no evidence of
lower limb PVD on clinical examination and no evi-
dence of vessel calcinosis on ultrasound scan imag-
ing of arterial segments. No other ultrasound scan
exclusion criteria were applied. Control subjects
were also excluded if the ankle brachial pressure
index (ABPI), as measured with hand-held Doppler
scanning, was less than 1.0. All the group 1 patients
had previously been diagnosed as having sympto-
matic lower limb occlusive vascular disease and had
subsequently undergone lower limb percutaneous
transluminal angioplasty (PTA) in the previous year
at our institute with good radiologic and clinical
outcome. In total, PTA had been undertaken on
three common iliac arteries, two common femoral
arteries, seven superficial femoral arteries, two
popliteal arteries, and one tibioperoneal trunk, with
a mean elapsed period since angioplasty of 25 weeks
(range, 3 to 48 weeks). Mean ABPI before angio-
plasty was 0.6 (range, 0.5 to 0.75). Patients with
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PVD were excluded from the study if ABPI in the
treated limb was less than 1.0 or if post-PTA angio-
graphic results revealed the presence of significant
stenoses between aorta and midgeniculate popliteal
artery. The measurements were taken in 12 limbs
that had previously undergone angioplasty in group
1, 11 putatively healthy limbs in group 2, and 12
putatively healthy limbs in group 3.
Measuring procedures. For each subject, height
and weight measurements were recorded. All the mea-
surements were performed after 15 minutes of rest for
the subject in the supine position to allow pulse and
blood pressure to stabilize. Electrocardiographic leads
were placed. Arterial blood pressure was recorded
noninvasively in the right brachial artery with an auto-
matic blood pressure monitor (Dinamap Compact TS,
Johnson and Johnson Medical, Newport, Gwent,
United Kingdom).
The change in vessel wall diameter with respect to
each cardiac cycle was measured at discrete sites
along the femoropopliteal artery, with measurements
taken in the sagittal plane at 90 degrees to the long
axis of the vessel. Segments of the artery were imaged
with a specially adapted, duplex color-flow ultra-
sound scanning system (Pie 350, Pie Medical
Systems, Maastricht, Netherlands), with signal out-
put to a high-resolution, echo-locked wall tracking
system (Wall Track, Pie Medical Systems, Maastricht,
Netherlands). This system allowed the measurement
of vessel wall movement over time by automatically
tracking assigned points of the induced radiofre-
quency signal deemed to be representative of the
anterior and posterior arterial wall. A detailed
description of the system has been published else-
where.25 Real time M-mode images of the arterial
wall obtained via a 7.5-MHz linear array probe were
acquired (Fig 1). With the M-mode cursor posi-
tioned perpendicular to the long axis of the vessel,
the change in induced radiofrequency signal received
from the vessel walls was sampled. The data were
transferred to a personal computer for real-time dis-
play of the displacement wave forms of the anterior
and posterior artery walls. End-diastolic and end-sys-
tolic intraluminal diameters were automatically deter-
mined for each cardiac cycle.
Vessel wall motion was recorded at the following
sites: the common femoral artery (CFA), at 2 cm
proximal to the bifurcation; the proximal superficial
femoral artery (PSFA), at 2 cm distal to the bifurca-
tion; the distal superficial femoral artery (DSFA), at 2
cm distal to the adductor hiatus; and the midgenicu-
lar popliteal artery (PA). Three registrations of vessel
wall movement, each lasting 5 seconds, were made at
Fig 1. A, B-mode and M-mode image of common
femoral artery in group 3 subject. B, Typical radiofrequen-
cy (RF) signal acquired from artery is analyzed to locate
and mark anterior (A) and posterior (P) luminal surfaces.
C, Vessel distension over four cardiac cycles is displayed.
A
B
C
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each site. Brachial blood pressure was recorded simul-
taneously with each registration. For the imaging and
compliance sampling of group 1 vessel segments, the
ultrasound scan operator and the operator of the ves-
sel wall-track system were blinded to the site of the
original angioplasty procedure.
Data analysis and statistical methods. Vessel
wall movement (over the three cardiac cycles in each
registration) was averaged, and the compliance and
stiffness index was calculated according to the blood
pressure measured at the time of registration. The
compliance and stiffness data from three registra-
tions then were averaged to obtain the mean values
for each site along the vessel in each subject (each
mean value being derived from nine measurements
of vessel wall motion).
In two of the group 1 limbs, the presence of cal-
cified, atherosclerotic, non-stenosing plaque prevent-
ed accurate imaging of the DSFA and the PA. The
calculated variables that lay more than three standard
deviations away from the group mean were regarded
as spurious and were excluded from the data analysis.
A single result pertaining to excess DSFA stiffness in
a group 1 patient was treated as such.
Two sonographers participated in this study.
Therefore, in five of the group 2 subjects, dual mea-
surements were undertaken by both operators on the
DSFA, which had been noted to be the most techni-
cally demanding segment of the vessel to image.
Interobserver variability was calculated for vessel wall
diameter, compliance, and b stiffness as: (1) the error
of a single estimation e,26 where e = √S d2/2n (d
being the difference between paired measurements,
and n being the total number of paired observations);
and (2) coefficient of variation CV,27 where CV =
interobserver error · 100/pooled mean values (inter-
Table I. Subject characteristics for study groups 1, 2, and 3
Variable Group 1 Group 2 Group 3
No. of subjects 11 11 12
Age (years) 74.7 (± 5.7) 69.4 (± 10) 28.8 (± 4.2)
Height (cm) 166 (± 9.2) 163 (± 10) 172 (± 10.4)
Weight (kg) 67.2 (± 13.1) 67 (± 14.5) 71.2 (± 10.4)
Body mass index* (kg/cm2) 24.3 (± 3.6) 25.1 (± 3.4) 24.1 (± 2.8)
MABP (mm Hg) 87.7 (± 9.7) 92.3 (± 10.9) 77.4 (± 7.1)
Sex ratio (M:F) 5:6 5:6 6:6
Vasoactive medications:†
Beta blockers 3 2 0
Ca2+ channel blockers 1 1 0
ACE inhibitors 2 1 0
NO donors 2 1 0
MABP, Mean arterial blood pressure; ACE, angiotensin converting enzyme inhibitors; NO donors, nitric oxide donor medications.
Data are presented as mean (± standard deviation).
*Body mass index = weight/height2.
†Numbers of subjects undergoing cardiovascular medication therapy.
Table II. Mean vessel luminal systolic and diastolic diameters for study groups 1, 2, and 3
Diameter (mm)
Group 1 Group 2 Group 3 P value
Group 1 vs Group 2 vs
Systolic Diastolic Systolic Diastolic Systolic Diastolic group 2 group 3
CFA 7.2 (± 1.8) 6.8 (± 1.8) 9.3 (± 1.2) 8.7 (± 1.6) 8.3 (± 1.8) 7.9 (± 1.7) * NS
PSFA 6.4 (± 1.8) 6.2 (± 1.7) 7.8 (± 1.2) 7.5 (± 1.2) 7.2 (± 1.5) 7.0 (± 1.4) † NS
DSFA 6.1 (± 2.4) 6.0 (± 2.3) 6.5 (± 0.9) 6.4 (± 1.0) 6.3 (± 0.8) 6.1 (± 0.8) NS NS
PA 5.5 (± 1.9) 5.4 (± 1.9) 7.3 (± 1.3) 7.1 (± 1.3) 6.1 (± 1.1) 5.9 (± 1.1) † NS
CFA, Common femoral artery; PSFA, proximal superficial femoral artery; DSFA, distal superficial femoral artery; PA, midgenicular
popliteal artery.
Data are presented as mean (± standard deviation). P values refer to statistical comparison of systolic diameters.
*P < .01.
†P < .05.
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observer error equating to the standard deviation of
the mean difference/√2). The Mann-Whitney test
was used to compare the intergroup differences of
diametrical compliance and stiffness index. The differ-
ences in diametrical compliance and stiffness index
between individual vessel wall sites were assessed with
Kruskal-Wallis analysis of variance and localized with
the Dunn post test. Intergroup comparisons of lumi-
nal diameter and diametrical compliance and stiffness
index were undertaken with respect to group 1 versus
group 2 and to group 3 versus group 2.
RESULTS
Groups 1 and 2 were comparable with respect to
age, weight, height, sex, and mean blood pressure
(Table I). No significant differences were observed
with regard to these subject characteristics.
The vessel wall luminal diameters are given in
Table II. The systolic luminal diameter was observed
to be greater in the group 2 subjects versus the
group 1 subjects for all the vessel segments, reaching
significance at the CFA, PSFA, and PA sites. The
group 2 systolic luminal diameter was also observed
to be greater than was the case for the group 3 sub-
jects in each of the four segments studied, although
these differences were not statistically significant.
The diametrical compliance (% mm Hg–1 · 10–2)
and stiffness (b ) data for all three groups are sum-
marized in Table III and depicted graphically in Fig
2. When compared with group 2, the group 1 sub-
jects exhibited a general trend toward lowered arte-
rial compliance and excess stiffness, which reached
significance at the CFA and DSFA segments. When
compared with group 3, the group 2 participants did
not demonstrate any significant differences in com-
pliance and stiffness index values for the proximal
regions of the femoropopliteal vessel, although the
popliteal segment proved significantly more stiff and
less distensible in the older cohort.
Compliance and stiffness were found to marked-
ly vary according to the site of measurement along
the length of the femoropopliteal vessel. Analysis of
variance results in each group revealed significant
intersite variation in both compliance (P < .01, P <
.0001, and P < .001, for groups 1, 2, and 3, respec-
tively) and stiffness (P < .01, P < .0001, and P <
.0001, for groups 1, 2, and 3, respectively).
The CFA was consistently observed to be the most
Table III. Mean femoropopliteal arterial diametrical compliance and stiffness index for study groups 1, 2, and 3
Compliance (% mm Hg–1 · 10–2) P value
Group 1 Group 2 Group 3 Group 1 vs group 2 Group 2 vs group 3
CFA 6.2 (± 4.8) 14.1 (± 11.1) 9.9 (± 4.4) * NS
PSFA 5.1 (± 2) 6.1 (± 3) 5.6 (± 1.2) NS NS
DSFA 2.2 (± 0.9) 3.8 (± 1.9) 4.4 (± 1.9) * NS
PA 3.9 (± 3.8) 4.7 (± 2) 8.5 (± 2.9) NS †
Stiffness index (b ) P value
Group 1 Group 2 Group 3 Group 1 vs group 2 Group 2 vs group 3
CFA 24.1 (± 13.1) 10.7 (± 5.12) 15.9 (± 8.2) * NS
PSFA 27.9 (± 11.4) 20.3 (± 7) 23.9 (± 6.1) NS NS
DSFA 61.4 (± 33.4) 37.1 (± 16.3) 34.5 (± 13.7) * NS
PA 47.8 (± 25.4) 28.6 (± 14.4) 15.5 (± 4.2) NS †
Petersen’s elastic modulus (· 106 dyne cm–2)
Group 1 Group 2 Group 3
CFA 3.8 (± 2.9) 1.4 (± 0.7) 1.7 (± 0.8)
PSFA 3.0 (± 1.2) 2.6 (± 1.0) 2.5 (± 0.5)
DSFA 7.2 (± 2.8) 4.5 (± 2.3) 3.5 (± 1.5)
PA 5.5 (± 3.0) 3.6 (± 2.4) 1.7 (± 0.4)
CFA, Common femoral artery; PSFA, proximal superficial femoral artery; DSFA, distal superficial femoral artery; PA, midgenicular
popliteal artery.
Data are presented as mean (± standard deviation). For the purposes of comparison with other published data, compliance values are also
expressed as Ep in dynes/cm2.
*P < .05.
†P < .01.
reserve in accommodating changes in intraluminal
pressure. Greater vascular stiffness suggests that
these arteries are distinctly less distensible—at any
physiologic pressure—than healthy aged vessel.
This is in agreement with the primate models of
atherosclerosis34 and with other reports of the
effect of atherosclerosis on arterial distensibility in
the carotid artery30 and in the aortas of atheroma-
prone, heart-transplant recipients35 and in patients
with cerebrovascular disease.36 Atherosclerosis
appears to affect blood vessel stiffness by changing
the intrinsic material properties of the artery wall,
causing elastolysis, collagen deposition, and medial
degeneration.37 However, other investigators have
found that atherosclerosis increases38 or has no
effect39,40 on vascular compliance. In one in vitro
study, Ep was no different for healthy (8.5 ± 3.3
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compliant and, with the exception of the popliteal
artery in group 3, the least stiff vessel segment. The
DSFA exhibited the least distensibility, and a compari-
son of compliance and stiffness values for the CFA ver-
sus the DSFA revealed statistically significant differ-
ences in the vessel wall properties across all three
groups (Table IV). The DSFA also exhibited signifi-
cantly lower compliance and greater stiffness than did
the PSFA in group 1 and the PA in group 3.
The measurements of interobserver variability for
paired observations undertaken on the DSFA in five
subjects are summarized in Table V. Interobserver
discrepancies were small for the measured vessel
luminal diameter and stiffness index and moderate
for diametrical compliance.
DISCUSSION
This study provides a preliminary description of
the vascular distensibility of the femoropopliteal seg-
ment in subjects with and without lower limb PVD.
This was undertaken to aid our current development
of a compliant vascular prosthesis that matches the
biomechanical properties of the host artery. Phase-
locked echo tracking was used to determine the ves-
sel wall motion in response to cyclical change in
blood pressure. This technique has been used for the
determination of vessel distensibility in the common
femoral artery,14,15,17 the aorta,23,28 and the carotid
artery14,15,29-31 and is a reliable tool. Our interob-
server variability (CV) of 4.3% for measured femoral
artery diameter is comparable with other published
series.32,33 Interobserver variability was higher for
stiffness index (CV, 5.9%) and highest for diametri-
cal compliance (11.8%). This is because blood 
pressure varies in each subject from moment to
moment. Diametrical compliance is more dependent
on measured blood pressure than stiffness index,
and this is reflected by their respective interobserver
variability. Noninvasive measurements of brachial
blood pressure15,32 were used to calculate common
femoral artery distensibility, permitting a noninva-
sive methodology.
In the determination of the influence of PVD on
vessel distensibility, groups 1 (PVD cohort) and 2
(healthy controls) were well matched for possible
determinants of vascular distensibility, including sex,
age, body mass, and blood pressure. The femoro-
popliteal artery was observed to be less compliant
and stiffer in the PVD cohort than in the age-
matched control group, and differences were signif-
icant at the CFA and DSFA for both compliance and
stiffness index. Lower compliance indicates that
PVD arterial segments exhibited less functional
Fig 2. Scatter plots of (A) compliance and (B) stiffness
index, with bar representing mean, for specific segments
of femoropopliteal artery (n , common femoral artery; h,
proximal superficial femoral artery; d, distal superficial
femoral artery; and s, midgenicular popliteal artery) in
study groups 1, 2, and 3.
A
B
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dynes cm–2) versus atherosclerotic (9.5 ± 2.4 dynes
cm–2) human external iliac arteries.39
A potential source of error exists whenever com-
pliance measurements made in patients with PVD are
compared with those made from healthy controls
because patients with PVD may possess significant
stenoses between the central and peripheral arteries.
The pressure drop that is caused by such stenoses
may nullify the legitimacy of the use of remotely,
noninvasively obtained blood pressure measurements
as a surrogate for femoropopliteal blood pressure.
This potential error was overcome with the selection
of patients with PVD who had undergone successful
PTA (as judged with post-PTA check angiography
and ABPI ‡ 1.0 at the time of investigation), which
ensured that such bias was minimal. However, the
use of results from such a study cohort might be con-
founded by the unquantified effect of angioplasty on
localized vascular distensibility. Balloon angioplasty
may have an effect analogous to the balloon injury
model used to study smooth muscle cell proliferation
Table V. Comparison of mean observations of ves-
sel luminal diameter, stiffness, and compliance
undertaken at the distal superficial femoral artery in
five control subjects by two observers
Variable Observer I Observer II
Luminal diameter (mm)
Mean 6.4 6.1
SD 1 0.8
e ± 0.4
CV 4.2%
Stiffness (b )
Mean 39.5 38.4
SD 13.2 8.61
e ± 3.2
CV 5.9%
Compliance (% mm 
Hg–1 · 10–2)
Mean 3 2.7
SD 1.5 1
e ± 0.4
CV 11.8%
SD, Standard deviation; e, error of a single estimation; CV, coef-
ficient of variation.
Table IV. Results of statistical comparisons of compliance and stiffness index made within groups between
individual vessel segments in study groups 1, 2, and 3
Compliance
Segment PSFA DSFA PA
Group 1 2 3 1 2 3 1 2 3
CFA 1 NS — — * — — NS — —
2 — NS — — ‡ — — † —
3 — — NS — — † — — NS
PSFA 1 — — — † — — NS — —
2 — — — — NS — — NS —
3 — — — — — NS — — NS
DSFA 1 — — — — — — NS — —
2 — — — — — — — NS —
3 — — — — — — — — ‡
Stiffness
Segment PSFA DSFA PA
Group 1 2 3 1 2 3 1 2 3
CFA 1 NS — — † — — NS — —
2 — NS — — ‡ — — † —
3 — — NS — — † — — NS
PSFA 1 — — — * — — NS — —
2 — — — — NS — — NS —
3 — — — — — NS — — NS
DSFA 1 — — — — — — NS — —
2 — — — — — — — NS —
3 — — — — — — — — ‡
PSFA, Proximal superficial femoral artery; DSFA, distal superficial femoral artery; PA, midgenicular popliteal artery; CFA, common
femoral artery.
*P < .05.
†P < .01.
‡P < .001.
in vivo,43 when smooth muscle cell proliferation is
observed after the degranulation of platelets adherent
to endothelium-denuded arterial lumen. In three
patients in three sites (two common femoral artery
and one superficial femoral artery), case notes record
that angioplasty was undertaken at a vessel site that
subsequently underwent compliance assessment, as
per the study protocol. Theoretically, such injury may
account for decreased local vascular distensibility at
the site of the angioplasty, but this does not account
for the pattern of panarterial stiffening that the sub-
jects of the PVD group exhibited.
Apart from the elemental changes that atheroscle-
rosis causes to the vessel wall of affected segments,
several other reasons may explain the differences
observed between the group 1 subjects and their age-
matched and sex-matched group 2 controls. Notably,
the vessels in the PVD group were smaller in diame-
ter at all sites along the femoropopliteal artery as com-
pared with those vessels in group 2. Laplace’s law
describes an inverse relationship between vessel wall
thickness and wall stress.41 If the observed narrowing
were the result of increased wall thickness in the PVD
cohort, then this also would explain the reduced com-
pliance and increased stiffness of the femoropopliteal
artery in this cohort. It is reasonable to suggest this as
an explanation because arteries affected by PVD are
subject to thickened walls arising from the dual
processes of intimal-medial thickening and atheroma
formation.42 However, because wall thickness was not
measured, it is not possible to validate this interpreta-
tion of the data. Arterial diameter is also partly deter-
mined by smooth muscle tone, which itself is depen-
dent on sympathetic activity and local humoral fac-
tors, such as endothelium-derived relaxing factor
(nitric oxide).17 The differential influence of these fac-
tors between the groups may also account for the
observed disparity in luminal diameter and, thus, the
vessel distensibility between the two groups.
We noted a consistent trend for vessels from
group 3 (older healthy subjects) to be of narrower
diameter than those from group 2 (younger healthy
subjects), although statistical comparison revealed
there to be no significant difference with regard to
vessel diameter, compliance, or stiffness with the
exception of the popliteal segment in group 2,
which was notably less distensible. These results are
consistent with previously published work,14-16
showing that age itself has little effect on lower limb
vascular distensibility and that lower limb arteries
tend towards greater diameter with age. However, a
direct comparison of compliance values is limited by
the different terms used to describe arterial elastici-
ty, by disparity of method in measuring arterial dis-
tensibility, and by the fact that arterial paths beneath
the CFA have not been subject to investigation.
Benetos et al14 studied CFA distensibility in 78 sub-
jects (52 with mild-to-moderate hypertension) from
23 to 71 years of age and found a nonsignificant
increase in vessel diameter with age but no change in
distensibility. Similarly, data from Laogun and
Gosling,16 who measured vessel pulse-wave velocity
in the limbs of 600 healthy volunteers up to the age
of 65 years, did not show any decrease in iliofemoral
compliance from 20 years of age onwards. Van
Merode et al15 studied the relative distension (ie,
percentage change in vessel luminal diameter during
each cardiac cycle) of the CFA and its immediately
bifurcating branches in two cohorts of 10 young (20
to 30 years) and 10 older (50 to 60 years) healthy
volunteers. They noted that the relative distension of
both proximal deep and superficial femoral artery
was not altered by age, although they recorded
decreased relative distension at the CFA in the older
group. The investigators also noted the younger ves-
sels to be of narrower bore. These observations
might be explained by interpreting the change in
diameter as an adaptive response to threatened
decrease in wall distensibility brought on by aging.
It is increasingly accepted17,42,43 that arteries are
capable of varying luminal diameter as a mechanism
to preserve vascular compliance and functional effi-
ciency in storing pulsatile energy. This effect is prob-
ably modulated via endothelial-dependent detection
of change in wall shear force with resultant release of
nitric oxide and adrenergic inhibition of smooth
muscle tone. However, the trend toward a relation-
ship between enhanced diameter and preservation of
compliance in older healthy controls is not entirely
consistent. In this study, the popliteal segment of 
the older control subjects was noted to be of signif-
icantly lower compliance and stiffness than in the
younger controls, despite an observed trend toward
greater diameter. This raises the possibility that the
more distal parts of the lower limb arterial system are
prone to age-related loss of vascular compliance and
that the more proximal pathways are protected. In
any event, arterial dilatation occurring as an adaptive
response to aging may eventually be reversed by the
sclerosing effect of PVD in susceptible subjects.
Compliance and stiffness varied along the femo-
ropopliteal segment in both groups. Notably, in all
the groups, the CFA was more distensible as com-
pared with the distal segments, significantly so ver-
sus DSFA in group 1, DSFA and PA in group 2, and
the DSFA in group 3. The marked disparity between
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the compliances of CFA and DSFA may be a reflec-
tion of the greater muscularity, diminished bore, and
increased wall thickness-to-vessel diameter ratio that is
observed in distal arteries,41 which leads to reduced
DSFA elasticity, combined with a possible tethering
effect produced by the artery’s site within the adduc-
tor canal. In group 1, the heterogeneity of compli-
ance and stiffness between individual sites was not as
pronounced as it was for group 2, which suggests that
a particular feature of lower limb vascular disease is
the differential influence it has on vessel stiffness in
different areas of the femoropopliteal artery.
Further studies are necessary, firstly to corrobo-
rate these limited pilot data and secondly to map the
vascular distensibility of the arterial paths distal to
the femoropopliteal segments. The mean popliteal
compliance in groups 1 and 2 was 3.9% ± 3.8% and
4.7% ± 2% mm Hg–1 · 10–2, respectively. Recent in
vitro compliance studies that were undertaken in
this laboratory at mean pressures of 90 mm Hg have
revealed that 5-mm polytetraflouroethylene and 5-
mm knitted Dacron grafts have compliances of 0.6%
to 0.7% mm Hg–1 · 10–2.44 This illustrates the
degree of compliance mismatch engendered by cur-
rent prostheses. The data derived from this in vivo
investigation will be used to aid the development 
of compliant alternatives, tailored to match the
femoropopliteal elasticity that this study reports.
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